..!:'. _
Vv o
Ays - v )
7/
- TECHNICAL NOTES , SR T
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
No ® 494 N - CTT T T T T/ =t
1 = PN )
HAZARDS TO AIRCRAFT DUE TO ELECTRICAL PHENOMENA
Report of
fpecial Committee on Hazards to Alrcraft
Due to Electrical Phenomena
S Ll gt Lokt e X
E:e ﬁ : :—:..r 3 .‘..__.?,-P ; i _ ) Co e
o be returnsd to / T ek
the Tites or e Langley 7 e
Memorial Aeronautical A
Laboratory. 4 ST
4
Washington o -
March 1934 . .




M\liﬁill'lﬂlll Il Iﬁnllll i

176 0143

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECZNICAL NOTE NO, 494

HAZARDS 70 AIRCRAFT DUE TO ELEGTRiCAL PHENOUENA

Report of
Special Committes on Hazards to Aircraft
Due to Electrical Phenomens

INTRODUCTIONW

In response to reguest of Rear Admiral Ernest J. Xing,
U.S.H.s, Chief of the Bureaun of Aeronzsubtics of the Nawvy
Department, dated July 8, 1933, the Wational Advisory Com~
mittee for Aeronautics established a special committes %o
conslder the general guestion of hazerds to aircraft, both
airships and airplanes,: due to electrical phenomena and ™~
make recommendations as %o what should be done to insure
the least hazard to aircraft from such phenomsna, This
speclal committee was composed of the following members:

Dr. Charles F. Marvin, Weather Bursau, Chairman,

Dr, L. J. Briggs, Buresu of Standards,

Commander Garland Fulton (C.C.)s U.S.H.,

Dr. W. J. Humphreys, Weather Bureau,

Dr. J. C. Hunsaker, Massachugetts Institute of
Technology,

Mr. G. W. Lewis, National Advisory Commliittee for
deronautics (ex officio),

Dr. F« B. Silsbes, Bureaun of Standarde,

Professor John B. Whitehead, Johns Hopking University.

This report presents the conclusions of this special
committees. The report was first drafted, on the basisg of
a general discussion of the problem at a meeting of the
special committee held on December 21, 1933, by a subcom—
mlttee congisting of Professor Whitehead, Chairman, and
Doctor Silsbee, assisted by Dr. M. F. Peters, of the Burseaun
of Standards. Revislons were then made in the draft to
conform to the commentg of the other members of the special
committes.

The report of the special committes was approved by
the National Advisory Committee for Aeronautics on February
27, 1934, and was transmitted to Admiral King in response
%o his request.
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SCOPE OF. THE, RERQRT

Tho §pecial Coumittonr an’ Bazarfds btoAircraft Due. to
BEloctrical Phonomena addressod itself particularly to tho
letter of Admiral XKing, dated July 8, 1933, and to tho
two typos of ocleoctrical hazerds to aircraft mentioned
therein, viz.-electroshatic.attractlon to.: eawth and high-
frequency discharges. - Thesge.two hazards have been fre-~
quently suggested as the most dangerous. Estlimates as to
the magnitudes of their causes and their effechis vary over
a wlde range. The resultsg, pf  the discussion on these
guestions at the meeting of the cormittee held on Docem-
ber 21, 1923, are glven below. During the discussion many
-ather aspects  of the gengral: plectriocal hazard woroe dilse
cussod and tio conclusionsg, of the oommitteo on somo of.:
these are also: includad.'-,- L SEL
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ELEGTRQSTATIQfA&ERAfoOﬁ=bF'A€RSHIP T0 THE EARTH

v

. It wae generaliy agreed that an attractive force of
this character cannot reach dangerous proportions. Two
types of such forces.were. considared fu

(a) The electrically conducting porticnﬂ 0f the struc-—
ture of an airship in the electric field hetween clonds
and esarth would: permit the separatlon of negative charges
on the upper surfaceg and positive charges on the lower
surfaces of the airship by the ordinary procsss. of,-electro-
static induction., If, owing to any cause, the negative
charge wore dissipated or removed, there would be an attrac~
tion botween the romaining positive charge and tho sarth,

Dr. &, C. Simpson, of the British Acronautical Roscarch
Committeo, has estimatod tho magnitude of this chargo as bo-
ing only a fow hundred pounde and thereforc unimportant,
This figure is based on the gradient, usually found Jjust
preceding lightning discharge in thupderstorms, of 100,000
volts per meter. No suggg tion_ is made in Doctor Slmpeon‘s ..
analysis. of the method in Wwhich the negative charge might
be wremoved., The committee was in general agrecmoant as to
Doctor Simpson's ostimete of the order of magnitude of
this typo of force. There was sono 0pinion that in ox~
tremo. cases the fiold intensity might rise %o highor val~
wes. tpan that asswapd by Doctor Simpson., Wovertheloss,
allowingra_factor of oven two or three or more at this
point, it was agreed that Tesnlting attractive force to
the earth would not rise to dangerous values,
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7£bY« The-possibitity of  theiamccuimlation of higher

valuss-ofrelsctrosbatic: charge,.dus %o continuous. pogd~
tively charged rain:vwas-also réviowed.” It was rocognizod
$het nnder-contiduvdbus. raih-a large positivo charge: m:ght
bo aceumuletod: provlﬂcd gli-of the charge in tho rain whs
retadned dby: the~ airship. It was agreed’ that. such atcumu~"
latibnrcould not take placs.‘ Bstimates wsere’ reported of~
thestosal -c¢hargs: contained in & layer df rain water of. the
heximhm thickness which might be’ retained by ‘the airship's
surfices The maognitude of-. the electrostatic charge of the
average' ralndrop is known.: . It was cgreed that the passing
off of tho excess water would also carry with it the cor—
responding charge,. ~Then on .this basis, it iwas concludod
that the maximum atsraétive:zforce to. the earth would be”
about. the sdmo . orderiofrmagiitude as.that: computed for ﬁhe
indueed. caargos ‘as reported above and- consequently of ihwe
sig nificant magnitud¢¢=;; - e R - omE

e mlgoane oy ' S R “‘"* R S S *",:r-n
. (c) Evidcnse was preseated showing that dn airship in
flight nmay aceumpulabo-an -¢lectrostatic chorge. This, is-
evi&enceéiby g .digschargg between mooriing ropes and'carthf'
as- the airship deosconds. *The effsct has beeit noticed in
electric shock to the -man grasping the mooring rope. Such
shocksy however, have not- been fatal, thus indlcating that
the magn;tude of tne effect is not breat. ) T o
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It ‘was also. afreed that it is Aignly improbable ‘that
an airship can accumulate-any consideradblericharge, first »
-ewing to the many exposed metallic points df short radius
of curvature facilitating discharge, and particularly -to
the highly 1onized condition of tne exhaust gases from the
enﬁines._ - i . ERE -
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.‘EIGH ?REQUEHOY OR STEEP WAVE FRONT LIGHTHING DISCHARGES: "

R i . k . - —- - - —-—-—.qf‘,ﬂ‘.r - - = g.._.A._-r.:—-
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. (a) It wag agreo& that the metal framework of either
an alrplane or an airship presents a high degree of inter~
nal. protection against the effects of lightning discharges.
JBhe -degreg of. protection ig greater the more -n¥arly the -
approach to the Faraday cage. Thus, for example, an Blle
netal airplane is safer .than one in which woodd and. ‘fabrics
are used. ' In the airship the protection is greatvy the
closer the meshes of the metallic framework, the wire brac-
ing, and the wire netting enclosing the gas bags, and par-
ticularly the more highly electrically conducting the sur—
face of the outer envolope.

LR
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(Y Alrplapdsr’ ‘A nlimber of reports of damages by
lightning to airplanes in flight were reviewed, notably
those ih the article by H. 'Xoppe (reference 1). It was
generally agreed that it 15 possible, without serlous com-
pilcation, to render an sairplane practically ilmmune %o
serious danger: either to the airplane or to the occupants.
Exception -fo tliis conglusion was noted as regards radlo

%antennas.7 If trailing 4n stormy weather the antenna may
“Be ‘birned 6ff by 'a 11ghtn1ng discharge, or radio equipment

insfde the airplans may be dastroyed Simple protective

-measures against each of these hazards are avalleaeble.,

“(¢)  Airships: The fact that the outer surface of an
airshlp ‘is noncﬁnductlng electrically and that the metal
fraﬁbworL_ wire bracing, apd wire netting of the airship
Ha%e meshes of "definite area, has led to the suggestion
that high-frequency disturbances might penetrate to the
inside of the airship setting up sufficiently high velues
of electrical ‘potential difference to cause dlscharges and
consequent damage. Two possibilities are indicated:
First, that for a dischargs through the metal structure of
the airshilp of a steep wave front (corresponding to short
wave length as compared to dimensions of the airship) po-
tentlal difference due %o the passage of current through
the metal framework may cause differences of potential be~
twoen the different parts of the airshlp; second, that a
direct stroke to the airship might actually enter the area
of the open mesh between the airship members, passing to
some electrically conducting member inside the outer frame-
work.

As a particular case involving possible extreme haz-
ard, it was suggested that condensation of water on the ]
inner surfaces of the gas bags might constitute an interis-:

nvw*“nag electrical conductor which might receive a direct or in-
Tdi

rect strolte duc to a high—-freguiency disturbance. It was
suggested that such stroko wounld puncture the gas bag elec~
trically, leading to leakage and possible destruction. BEv-
ldence of the possibility of thie type of disturbance was
limited to the well-known behavior of electric circults un~
der high~frequency resonance disturbance, in which large
differences of potential and at times electric discharges
are observed between points on a continuous metallic mem-
ber which has’relatively short 1ongitudina1 rading of cur-
vature. .
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{d) The committee was agroed as to the possibility
of some degreec of penetration of electrical influence
arising in this way within the region inside the outer en~
velope of the airship., There was general doubt, however,
as to whether it could rise to dangerous magnitudes. No
ovidonco wag available that electrical disturbances aris-—
ing outsido the airship have ever been observed inside.
The opinion was advanced, and apparently accepted, that if
Anternal disturbances of this character and of serious
proportions conld arise, some evidence of them would have
been manlfested in past experience. _

(e) The commlttee was agreed also that protection
against such possible high-frequency disturbances would be
relatively simple by such closs approach as would be nec~
essary to the principle of the Faraday cage. Obvlous
measures would be: giving electrical conductivity to the
outer envelope by iacorporating conducting ingredlents or
by the use of conducting peints; reducing the spacing of
metallic members and of the wire brazcing; protection of
gas bags by wire mesh or other conducting screens.

(f) The committee does not find sufficient evidence
of the existence of disturbances of this character %o war~
rant a rocommondation of a program of experimental study.

TRAILING ANTEINA AND OBSERVER!S SUSPENSION CABLE

(a) Antenna: There is good evidence that a trailing -
antenna during a thunderstorm increases the likelihood
thet & lightning discharge will take place through the
body of the airplane or airship. It is commonly agreed
that the antenna should be withdrawn under stormy condi-
tions. It was also agreed that if operated under such
conditions it is possible to limit resulting damago to the
anitenna itself and to the radio equipment connectod thero-

with,

(b) Observer's cables: Suspension of an observer
from an airship involves a cable nuch longer and larger
than the usual antenna. The action of such cable in facil-
itfating a lightning discharge would be correspondingly
greater, Agide from this fact, bowever, and its possible
consequence on the airship itself, it was generally agreed
that no gresat additional hazard for the observer is likely,
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prdvidédgéﬁéilatter 1s housed in a metallic cage., The
dangetr of <a rupture of the cable through fusion by elec~-
-fric“arq wag considered to be very remote,.

R onoy " STORM AREAS SHOULD BE AVOIDED

N L R
©“The foregoing report notes the evidence of electrical
charged and discharges from the'structures of both air-
planes and sirships. The commititee conslders the proba~
bility small that serious damage will result from dis-—
chargeg when trailing antenna and cables are reecled in and
wheid ‘the customary protective methods inherent in bonded
metalllc cage construction are utilized. But even though
nelther ‘airplanes nor airships of proper construction are
in much danger from lightning, both must make every effort
to avoild thunderstdrms ~ must keep~out of the exceodingly
violent and extromdly turbulent winds of thunderstorms
wilch cauee great. danger of destruction.

Respectfully submitted.
B AR SPECIAL COMMITTEE ON HAZARDS TO
AIRCRAIT DUE TO ELECTRICAI, PHENOMENA,

¢. F. Harvin, Chairman.

Washington, D. C., February 27, 1934,
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